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@ Method for inspecting components having complex geometric shapes. 



(S?) A method for inspecting a component of a 
gas turbine engine or the like having a plurality 
of similarly shaped structural portions, such as 
the gear teeth of a gear, the dovetail slots of a 
turbine disk or the like, includes the steps of: 
scanning a surface of at least one of the simi- 
larly shaped structural portions with an eddy 
current probe to induce eddy currents in the 
component ; generating a two-dimensional im- 
age of the at least one portion from eddy cur- 
rent signals received during scanning, the 
image including a multiplicity of pixels ar- 
ranged in a two-dimensional array and each 
pixel having a gray scale intensity responsive to 
the eddy current induced in the component at a 
component location corresponding to a posi- 
tion of the pixel in the matrix array ; preproces- 
sing the image to substantially reduce any 
signals or changes in the gray scale intensity of 
any pixels relative to the background pixel in- 
tensities of the image caused by geometrical 
characteristics and background noise common 
to all similarly shaped structuaral portions ; 
identifying any suspected defect regions from 
the pre processed image ; determining a defect 
signal for each suspected defect region ; and 
rejecting the component if any defect signal 
exceeds a predetermined reference value. 
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BACKGROUND OF THE INVENTION 

The present invention relates to the inspection of 
components and, more particularly, to an improved 
method for automatically inspecting gas turbine en- 
gine components having complex geometric shapes 
using eddy current techniques. 

Eddy current inspection is a commonly used 
technique for detecting discontinuities or flaws in the 
surface of a gas turbine engine component Eddy cur- 
rent techniques are based on the principle of electro- 
magnetic induction in which eddy currents are in- 
duced within the material under inspection. Eddy cur- 
rents are induced in a test specimen by alternating 
magnetic fields created in the coil of an eddy current 
probe when the probe is moved into proximity with the 
component under test. Changes in the flow of eddy 
currents are caused by the presence of a discontinu- 
ity or a crack in the test specimen. The altered eddy 
currents produce a secondary field which is received 
by the eddy current probe coil or by a sensor coil in 
the eddy current probe which converts the altered 
secondary magnetic field to an electrical signal which 
may be recorded on a strip chart. An eddy current ma- 
chine operator may then detect and size flaws by 
monitoring and reading the signals recorded on the 
strip chart. Flaws or defects are detected if the elec- 
trical signal exceeds a predetermined voltage thresh- 
old. 

Present eddy current inspection methods work 
satisfactorily when the components under inspection 
have simple geometrical shapes, such as holes, flat 
plates or the like. However, when the component un- 
der test has a complex geometrical shape, such as 
the dovetail slots of a high pressure or low pressure 
turbine disk, fan disk, high pressure compressor disk, 
teeth of a gear or the like, the complex geometry of 
these components such as edges, transitions be- 
tween convex, concave and flat regions, produces 
contributions to the eddy current signals which make 
it difficult to distinguish between defects and non-de- 
fects. 

A presently used method of detecting cracks or 
defects in a complex gas turbine engine component 
involves scanning a portion of the surface of the com- 
plex component with an eddy current probe and con- 
verting the received eddy current signals to a two-di- 
mensional digital image. The two-dimensional image 
is then matched or compared to a chosen template by 
known image analysis techniques, such as convolu- 
tion, to detect a defect or flaw. The template is chosen 
according to the active region of the eddy current 
probe as well as the size and shape of the defects de- 
sired to be detected. The image analysis matching 
technique will detect a defect only if the size and 
shape of the defect correspond substantially to that 
represented by the chosen template. Different tem- 
plates must, therefore, be used for detecting defects 



of different sizes and shapes. In order for this detec- 
tion process to be independent of defect size and 
shape, too numerous a number of templates would 
have to be compared to the two-dimensional image to 

5 detect all possible flaw sizes and shapes that may be 
present; such a process would be computationally im- 
practical. Thus, the template matching technique can 
result in erroneous results if the template does not 
correspond substantially to the defect and the tech- 

10 nique is inefficient because of the large catalog of 
templates which must be compared to the two-dimen- 
sional image. 

SUMMARY OF THE INVENTION 

15 

Having regard to the above, the present inven- 
tion provides a method for inspecting a component 
having a plurality of similarly shaped structural por- 
tions, comprising the steps of (a) scanning a surface 

20 of at least one of the similarly shaped structural por- 
tions with an eddy current probe means to induce 
eddy currents in the component; (b) generating a two- 
dimensional image of the at least one portion from 
eddy current signals received during scanning, the 

25 image including a multiplicity of pixels arranged in a 
two-dimensional array and each pixel having a gray 
scale intensity responsive to the eddy current in- 
duced in the component at a component location cor- 
responding to a position of the pixel in the matrix ar- 

30 ray; (c) preprocessing the image to substantially re- 
duce any signals caused by geometrical characteris- 
tics and background noise common to all of the sim- 
ilarly shaped structural portions; (d) identifying any 
suspected defect regions from the preprocessed irrv 

35 age of step (c); (e) determining a defect signal for 
each suspected defect region; and (f) rejecting the 
component if any defect signal exceeds a predeter- 
mined reference value. 

In a further aspect, the invention provides a 

40 method for inspecting a component having a complex 
geometric shape, comprising the steps of (a) scan- 
ning a surface of the component with an eddy current 
probe means to induce eddy currents in the compo- 
nent; (b) generating a two-dimensional image the 

45 component from eddy current signals received during 
scanning, the image including a multiplicity of pixels 
arranged in a two-dimensional array and each pixel 
having a gray scale intensity responsive to the eddy 
current induced in the component at a component lo- 

so cation corresponding to a position of the pixel in the 
matrix array; (c) preprocessing the image to substan- 
tially reduce any signals caused by geometrical char- 
acteristics and background noise common to all com- 
ponents having substantially the same geometric 

55 shape by subtracting a reference image of a substan- 
tially identically shaped component from the image 
generated in step (b); (d) identifying any suspected 
defect regions from the preprocessed image of step 
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(c); and (e) determining a defect signal for each sus- 
pected defect region; and (f) rejecting the component 
if any defect signal exceeds a predetermined refer- 
ence value. 

In a further aspect, the invention provides a 5 
method for inspecting dovetail slots of a gas turbine 
engine component, comprising the steps of (a) scan- 
ning a surface of a dovetail slot with an eddy current 
probe means to induce eddy currents in the compo- 
nent; (b) generating a two-dimensional image of the 10 
dovetail slot surface from eddy current signals re- 
ceived during scanning, each image including a mul- 
tiplicity of pixels arranged in a two-dimensional matrix 
array and each pixel having a gray scale intensity re- 
sponsive to the eddy current induced in the compo- 15 
nent at a component location corresponding to a pos- 
ition of the pixel in the matrix array; (c) repeating 
steps (a) and (b) to generate a two-dimensional image 
for three dovetail slots; (d) selecting a text slot and an 
associated test image, a first reference slot and an as- 20 
sociated first reference image, and a second refer- 
ence slot and an associated second reference image 
from the three dovetail slots; (e) taking a difference 
between the first reference image and the test image 
to provide a first resulting image by taking a differ- 25 
ence between the gray scale intensity of each pixel of 
the first reference image and the gray scale intensity 
of a corresponding pixel of the text image; (f) taking 
a difference between the second reference image 
and the test image to provide a second resulting im- 30 
age by taking a difference between gray scale inten- 
sities of corresponding pixels of each image; (g) con- 
verting each of the first and second resulting images 
from a gray scale image to respective first and second 
binary images by thresholding; (h) combining the first 35 
and second binary images by a logic AND operation 
to provide a composite binary image; (i) identifying 
any sections within the composite binary image 
which contain a cluster of pixels with predominantly 
all pixels having a predetermined binary value; (j) ao 
identifying any suspected defect regions in one of the 
first and second resulting images of step (e) which 
correspond to the identified sections of step (i); (k) 
calculating a defect signal for each suspected defect 
region; and (I) comparing the defect signal for each re- 45 
gion with a predetermined reference value to deter- 
mine whether a defect is present in the test slot at a 
location corresponding to the suspected defect re- 
gion. 

It is, accordingly, a feature of the present inven- so 
tion to provide a novel method for inspecting a gas 
turbine engine component having a complex geomet- 
ric shape which is not subject to the foregoing disad- 
vantages. 

It is another feature of the present invention to 55 
provide a novel method for inspecting gas turbine en- 
gine components which has a high probability of de- 
tecting flaws and is capable of distinguishing between 



geometric features of the component and actual de- 
fects or cracks in the component to minimize false in- 
dications. 

It is a further feature of the present invention to 
provide a novel method for inspecting a gas turbine 
engine component which can be automated and can 
be easily integrated into a production environment. 

In accordance with the present invention, a 
method for inspecting a component of a gas turbine 
engine or the like having a plurality of similarly shap- 
ed structural portions, such as the gear teeth of a 
gear, the dovetail slots of a turbine disk or the like, in- 
cludes the steps of: scanning a surface of at least one 
of the similarly shaped structural portions with an 
eddy current probe means to induce eddy currents in 
the component; generating a two-dimensional image 
of the at least one portion from eddy current signals 
received during scanning, each image including a 
multiplicity of pixels arranged in a two-dimensional 
array and each, pixel having a gray scale intensity re- 
sponsive to the eddy current induced in the compo- 
nent at a component location corresponding to a pos- 
ition of the pixel in the matrix array; preprocessing 
the image to substantially reduce or cancel out any 
signals or changes in the gray scale intensity of any 
pixels relative to the background pixel intensities in 
the image caused by geometrical characteristics and 
background noise common to ail similarly shaped 
structural portions; identifying any suspected defect 
regions from the preprocessed image; determining a 
defect signal for each suspected defect region; and 
rejecting the component if any defect signal exceeds 
a predetermined reference value. 

These and other objects of the present invention, 
together with the features and advantages thereof, 
will become apparent from the following specification 
when read with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of an automated 
eddy current surface flaw detection system in accor- 
dance with the present invention. 

Figures 2A and 2B are a flow graph of the auto- 
mated eddy current surface inspection method in ac- 
cordance with the present invention. 

Figure 3 is an illustration of a portion of a two-di- 
mensional digital image showing the individual pic- 
ture elements or pixels. 

Figure 4 is an illustration of a 7 X 3 digital filter in 
accordance with the present invention. 

Figure 5 is an illustrated example of a binary im- 
age generated from a gray scale image by threshold- 
ing. 

Figure 6 is an illustration of a 9 X 2 digital filter in 
accordance with the present invention. 

Figure 7 is an illustrated example of a two-dimen- 
sional digital image which has been processed for cal- 
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culating a Symmetrical Coefficient and an Integrated 
Signal for each suspected region which may contain 
a defect. 

Figure 8 is a probability of detection (POD) plot for 
a dovetail slot of a gas turbine engine disk made from 
Rene 88 material. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring initially to Figure 1 , an automated eddy 
current surface flaw detection apparatus 10 for in- 
specting a workpiece 12, such as the gear teeth of a 
gear, dovetail slots 14 of a gas turbine engine disk or 
the like, is illustrated. For purposes of convenience, 
the present invention will be described with respect to 
inspecting the dovetail slots 14 of a gas turbine en- 
gine disk 12; although, those skilled in the art will rec- 
ognize that the present invention could equally be 
used to inspect any workpiece having a complex ge- 
ometry which repeats or includes a plurality of simi- 
larly shaped portions, such as the gear teeth of a 
gear or the dovetail slots 14 of a turbine disk 12. 

The turbine disk 12 is mounted on a fixture 16 of 
eddy current apparatus 1 0 to hold disk 1 2 in place dur- 
ing inspection. Apparatus 1 0 further includes a differ- 
ential eddy current coil/probe 18, such as a GE ECU 
as manufactured by the General Electric Company, a 
PS-4 as manufactured by Nortech, Inc., or the like. 
Eddy current probe 18 may also be a probe array 
such as that disclosed in co-pending European Pa- 
tent Application 92304047.1 (RD-20,138), entitled 
"Eddy Current Probe Arrays' 1 . Eddy current probe 18 
is mounted to a probe manipulator 20 which moves 
probe 18 within dovetail slot 14 to substantially com- 
peletely scan the interior of slot 14 during inspection. 
The manipulator 20 is preferably a 6-axis manipulator 
such as a Unidex as manufactured by Aerotech Inc., 
or the like. Eddy current probe 18 is electrically con- 
nected to an eddy current instrument 22 by a data link 
24. Eddy current instrument 22 generates electrical 
signals responsive to the eddy currents induced with- 
in the surface of dovetail slot 14 during scanning of 
the slot by probe 18. The electrical signals generated 
by eddy current instrument 22 are received by an ana- 
log to digital (A/D) converter 26 over data communi- 
cations link 28. A/D converter 26 may be a DVME 
601 E, as manufactured by Date! or the like which con- 
verts the analog eddy current signals to digital signals 
which can be stored and processed by a central proc- 
essing unit (CPU) 30 to generate a two-dimensional 
digital image of dovetail slot 14. The digital signals are 
transmitted from A/D converter 26 to CPU 30 by a 
communications link 32. The two-dimensional digital 
images may be displayed on a video monitor 34. Com- 
puter 30 is also interconnected to probe manipulator 
20 by a communications link 36 to control the scan- 
ning of the dovetail slots 14. A keyboard 38 is provided 



to facilitate operator control of the inspection of disk 
12 and a printer 40 may be provided to generate hard 
copies of the images. 

Referring now to Figures 2A and 2B, in accor- 

5 dance with the present invention, three dovetail slots 
14 are each substantially completely scanned with 
the eddy current probe 18 of device 10 as indicated 
by blocks 42, 44 and 46 in Figure 2 A As previously 
discussed, A/D converter 26 converts the analog 

10 eddy current signals from eddy current instrument 22 
to digital signals which are stored by CPU 30 and 
combined after the scanning operation of each dove- 
tail slot 14 to provide a two-dimensional digital image 
of each of the three dovetail slots 14, blocks 48, 50 

15 and 52. Each of the two-dimensional images includes 
a multiplicity of picture elements or pixels 54 as illu- 
strated in Figure 3. The pixels 54 are usually arranged 
in uniform columns and rows to form an X-Y matrix 
type structure. Each of the pixels has a gray scale in- 

20 tensity (l,j) which corresponds to the eddy current sig- 
nal at the location on the dovetail slot surface repre- 
sented by the particular pixel 54 or group of pixels; 
thus, changes in the gray scale intensity of the pixels 
54 making up each of the three images results from 

25 local changes in each of the three dovetail slots 14 
caused by the induced eddy currents. Changes in the 
component geometry such as edges, transitions be- 
tween convex, concave and flat surfaces, other sur- 
face anomalies and flaws or defects will cause local 

30 changes in the eddy current signal which results in 
differences in the gray scale intensities (ly) of the pix- 
els composing the two-dimensional digital images at 
those locations in the image corresponding to where 
the part geometry changes or where a defect or flaw 

35 is located. 

Prior to scanning the three dovetail slots, the 
eddy current probe is preferably calibrated using a 
known test block which contains flaws or defects of 
substantially the same dimensions and shape as 

40 those expected to be encountered during inspection 
of the component 12. Calibrating the eddy current 
probe ensures that the eddy current voltage will re- 
main within a selected range during component in- 
spection so that the results will be uniform and reli- 

45 able for the inspection of each dovetail slot 14 of com- 
ponent 12. 

A test slot or slot under inspection, a first refer- 
ence slot and a second reference slot are selected 
from the three dovetail slots 14 which were scanned 

so as indicated in block 56 of Figure 2 A The two-dimen- 
sional digital image of the slot under inspection, now 
referred to as the test slot image, block 60, is prepro- 
cessed to substantially reduce any signals or 
changes in the gray scale intensity of any pixels rel- 

55 ative to the background pixel intensities in the image 
caused by geometrical characteristics, such as 
edges, transitions between convex, concave and flat 
regions or the like, or background noise common to 
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all slots. Preprocessing the test slot image includes 
subtracting the two-dimensional digital image of the 
first reference slot, now referred to as the first refer- 
ence image, block 58, from the two-dimensional test 
slot image 60, to provide a first resulting image at 
block 62, and also subtracting the two-dimensional 
image of the second reference slot, now referred to 
as the second reference image, block 64, from the 
test image 60 to provide a second resulting image at 
block 66. The images are subtracted by subtracting 
the gray scale intensities of the corresponding pixels 
in each image. For example, referring to Figures 2A 
and 3, In of the first reference image 58 would be sub- 
tracted from In of the test image 60, 1 12 of the first ref- 
erence image 58 would be subtracted from l 12 of the 
test slot image 60 and so forth for each of the pixels 
54 in the first reference image 58 and test slot image 
60 to provide the first resulting image 62. Similarly, In 
of the second reference image 64 would be subtract- 
ed from In of the test slot image 60, l 12 of the second 
reference image 64 would be subtracted from l 12 of 
the test slot image 60 and so forth for each of the pix- 
els 54 of the second reference image 64 and test slot 
image 60 to provide the second resulting image 66. 
Subtracting the images causes geometric features 
which are common to all slots to substantially cancel 
out in the resulting images 62 and 66. A copy of at 
least one of the first or second resulting images 62 or 
66 is stored for use in a subsequent step. 

Each of the first and second resulting images 62 
and 66 are then preferably filtered, blocks 68 and 70 
in Figure 2A, to reduce any noise signals present in 
the resulting images and to enhance any signals that 
may be caused by a defect. The filtering is preferably 
accomplished by image convolution using a 7 X 3 dig- 
ital filter as shown in Figure 4 to provide respective 
first and second filtered images, blocks 72 and 74 in 
Figure 2A. The 7X3 digital filter matrix values of Fig- 
ure 4 were determined by applying the method of the 
present invention to test blocks having defects or 
flaws formed therein with known dimensions and 
shapes similar to those which would desirably be de- 
tected in the surface of a dovetail slot 14 of a gas tur- 
bine engine disk 12. The filter matrix values of Figure 
4 were selected to provide superior dovetail slot in- 
spection results when detecting defects in the slots as 
small as about 4 mils with a probability of detection 
(POD) of about 95% and a confidence level of about 
50%. The matrix values shown in Figure 4 may be dif- 
ferent depending, for example, upon the geometry of 
the component being inspected, the size of the defect 
desired to be detected and the desired POD and con- 
fidence level. Superior filter values can, therefore, be 
determined by inspecting test samples with known 
defects or cracks. 

In another embodiment of the present invention, 
the filtering in blocks 68 and 70 may be accomplished 
by image convolution using a set of electrical signals 



corresponding to a priori defect feature information 
characteristic of the defects desired to be detected. A 
plurality of template means or filters may be provided 
with each template means embodying at least one 
5 predetermined a priori defect signal feature and each 
of the template means being predetermined to select 
at least one specific defect signal feature from each 
of the resulting images 62 and 66. Selected template 
means may be compared individually, by image con- 
to volution, to each of the resulting images 62 and 66 to 
comparatively extract respective a priori features from 
each resulting image. The desired defect features are 
comparatively extracted by calculating a respective 
correlation coefficient between the defect signal fea- 
ts ture, characterized in the particular template means 
being compared, and the signals corresponding to 
each of the resulting images 62 and 66. Depending 
upon the value of the correlation coefficient a distinc- 
tion can be made between those signals in the result- 
20 ing images which may represent an actual defect and 
those signals which represent other surface anoma- 
lies, such as edges or transitions between convex, 
concave or flat surfaces. Preferably, a plurality of 
template means collectively cooperate as a compo- 
25 site template to detect a corresponding plurality of de- 
fect signal features in each resulting image 62 and 66. 

Each of the first and second filtered images 72 
and 74 is converted from a gray scale image to a re- 
spective first and second binary image 76 and 78 by 
30 thresholding. A selected gray scale threshold intensi- 
ty value or level is determined by evaluating test 
blocks or test samples with known defect sizes to pro- 
vide optimum detection of defects having a desired 
size or dimensions and to minimize false indications 
35 of defects caused by other anomalies in the surface 
of the dovetail slot 14. Therefore, the gray scale 
threshold level is determined as a function of the size 
of the defect desired to be detected and the desired 
POD and confidence level. The grayscale images are 
40 converted to binary images by assigning a logic 1 (or 
logic 0 depending upon whether it is desired that the 
suspected defects be represented in the binary im- 
age as a white area with a black background or as a 
black area with a white background) to those pixels 
45 54 in the first and second filtered images 72 and 74 
having a gray scale intensity greater than or equal to 
the selected threshold intensity value and by assign- 
ing a logic 0 (or logic 1) to those pixels 54 in each of 
the first and second filtered images 72 and 74 which 
50 have a gray scale intensity less than the selected 
threshold value. A sample configuration includes a 
threshold value of about 600 millivolts 174 inches 172 
which may be used for detecting defects of about 4 
mils in a dovetail slot of a gas turbine engine disk with 
55 a POD of about 95% and a confidence level of about 
50%. The specific configuration is system dependent 
relying for example upon system gain. 

The first and second binary images 76 and 78 are 
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combined by performing a logic AND operation 80 to 
provide a composite binary image 82. An example of 
a composite binary image 82 is shown in Figure 5. Be- 
cause of the nature of the logic AND operation 80 in 
Figure 2A, a gap or hole may be created in the com- 5 
posite binary image 82. A 9 X 2 digital filter 84 such 
as that shown in Figure 6 may be applied to the com- 
posite binary image, as indicated in Figure 2A, to fill 
in gaps or holes created during the AND operation 80. 

If a logic 1 was selected during the thresholding 10 
operations 76 and 78 to identify those pixels 54 hav- 
ing a gray scale intensity greater t han or equal to a se- 
lected threshold value to identify those regions or 
sections in the composite binary image 82 which may 
contain a defect or crack, then those regions or sec- 15 
tions of the composite binary image 82 which contain 
a cluster or grouping of pixels 54 with predominately 
all pixels having a logic 1 value are identified as re- 
gions of interest which may contain a flaw or defect, 
block 85 in Figure 2B. For example, referring to Figure 20 
5, three regions of interest which may contain a de- 
fect, are each bounded by a chain line indicated by 
reference numerals 86, 88 and 90, respectively. 

Regions of interest or suspected defect regions 
corresponding to the regions 86, 88 and 90 in the 25 
composite binary image are identified in either the 
first or second resulting images 62 or 66 of Figure 2A 
as indicated in block 91 of Figure 2B. Figure 7 is an 
illustration of one of the two two-dimensional digital 
images 62 or 66 resulting from subtracting each of the 30 
first and second reference images 58 and 64 from the 
test image 60 as indicated in Figure 2A. The regions 
of interest in the resulting image 62 (or 66) of Figure 
7, which correspond to the suspected defect regions 
86, 88 and 90 of the composite binary image 82 in Fig- 35 
ure 5, are each bounded by a chain line and indicated 
by reference numerals 86', 88' and 90', respectively. 
The letter tt B" within a pixel 54 in Figure 7 represents 
a black pixel and the letter "W" within a pixel 54 rep- 
resents a white pixel in the resulting image 62. The 40 
black and white pixels 54 indicated in Figure 7 may ac- 
tually be some intermediate gray scale intensity but 
will appear to be either predominantly black or pre- 
dominantly white. 

Referring also back to Figure 2B, in accordance 45 
with the present invention, a symmetrical coefficient 
for each suspected defect region is calculated from 
the pixel intensities within each region 86', 88' and 
90', block 92. To calculate the symmetrical coeffi- 
cient, each suspected defect region 86', 88' and 90' so 
is vertically and horizontally bisected as represented 
by respective broken lines 93 and 94 in each of re- 
gions 86', 88' and 90' of Figure 7. The symmetrical 
coefficient is a measure of the symmetry of the gray 
scale pixel intensities on opposite sides of each of the 55 
vertical bisecting lines 93 and horizontal bisecting 
lines 94 for each of the regions of interest 86', 88' and 
90'. The symmetrical coefficient is determined by cal- 



culating a first percentage of corresponding pixels 54 
on opposite sides of vertically bisecting line 93 which 
have substantially the same gray scale intensity and 
by calculating a second percentage of corresponding 
pixels 54 on opposite sides of horizontally bisecting 
line 94 which have substantially the same gray scale 
intensity for each region of interest 86', 88' and 90'; 
the first and second percentages for each region are 
then multiplied to provide a symmetrical coefficient 
for each respective region 86', 88' and 90'. The coef- 
ficient of symmetry can range from a +1 which repre- 
sents an ideal symmetrical region to a -1 which rep- 
resents a non-symmetrical region. Region 90' in Fig- 
ure 7 is an example of an ideal symmetrical region 
while regions 86' and 88' represent some percentage 
of complete symmetry between the range from +1 to 
-1. 

For each region of interest 86', 88' and 90' in the 
resulting image 62, an integrated signal is also calcu- 
lated, block 95 in Figure 2B, from the gray scale in- 
tensity values of each pixel 54 within each of the re- 
gions of interest. The integrated signal 95 is the sum 
of all gray scale pixel values within the boundary of 
each of the regions of interest 86', 88' and 90'. 

In accordance with the present invention, a de- 
fect signal is calculated, block 96 in Figure 2B, from 
the symmetrical coefficient 92 and the integrated sig- 
nal 95 for each region of interest 86', 88' and 90'. The 
defect signal 96 is referred to as AHAT (a) and is cal- 
culated in accordance with the following equation: 

AHAT=(Symmetrical Coef.) a X(lntegrated Sig- 
nal)* X(Area of Region)? where a.y and p are deter- 
mined by applying the method of the present inven- 
tion to test parts or samples having defects of known 
dimensions and shapes formed therein to provide 
sufficient detection sensitivity, at a desired POD and 
confidence level, with the minimum number of false 
calls or indications that a defect is present when not. 
Values of a=1, 0=1/4 and y=1/4 were determined em- 
pirically to provide superior detection results when de- 
tecting defects in dovetail slots as small as about 4 
mils with a POD of about 95% and a confidence level 
of about 50%. The defect signal 96 or AHAT is com- 
pared against a reference value or POD threshold, 
block 97 in Figure 2B, and the component is rejected 
if AHAT exceeds this reference value, block 98. If the 
POD threshold is not exceeded then a determination 
is made as to whether all slots 14 have been inspect- 
ed, block 99. If additional slots 14 need to be tested, 
the process described hereinabove is repeated to in- 
spect the next slot, block 100, until all dovetail slots 
14 of disk 1 2 have been designated as the test slot 60 
and have been inspected. A slot 14 which has already 
been scanned but was previously selected as a refer- 
ence slot, blocks 58 and 64 of Figure 2A, would not 
necessarily have to be scanned again in the interest 
of efficiency. If all slots 14 are inspected without 
AHAT exceeding the POD threshold then the compo- 
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nent 12 is accepted, block 101. 

Values for AHAT have been computed for various 
known defect or crack lengths in mils, predetermined 
probabilities of detection (POD) and confidence lev- 
els for different materials. The AHAT values have 5 
been plotted against the crack lengths to provide 
standard POD curves or graphs for different materials 
for use in the industry. As an example, a POD curve 
102 for inspecting dovetail slots made of Rene 88 is 
shown in Figure 8. Thus, the defect signal or AHAT 10 
calculated is block 96 can be plotted on a POD curve, 
similar to graph 102, for the particular material and 
component under inspection according to the esti- 
mated length of the crack as determined from the 
length of the suspected defect region as measured 15 
from the resulting image 62 shown in Figure 7. There- 
fore, if the AHAT value is on or above the curve 102 
shown in Figure 8 then the component 12 is rejected; 
if AHAT is below the curve 102 then the next slot 14 
is inspected until all the slots 14 have been tested. If 20 
all slots 14 pass, then the component 12 is accepted. 
For example, assume that AHAT for region 90' in Fig- 
ure 7 is calculated to be about 4,000 using the equa- 
tion indicated hereinabove; additionally, assume that 
the crack length within the region of interest 90' is es- 25 
timated from the resulting image 62 to be about 5 
mils. This corresponds to point 104 in Figure 8 which 
is greater than the POD curve 102; therefore, the 
component would be rejected. 

While the present invention was described with 30 
respect to inspecting dovetail slots formed in a disk of 
a gas turbine engine, those skilled in the art will read- 
ily recognize that the present invention is not limited 
to inspecting dovetail slots but that the invention can 
be applied to inspect any conductive workpiece with 35 
a complex geometric shape. Applying the method of 
the present invention, after scanning the workpiece 
under inspection with an eddy current probe to gen- 
erate an image responsive to the eddy currents in- 
duced in the workpiece, the difference between a ref- 40 
erence image of a workpiece having substantially the 
same geometric shape and the generated image of 
the workpiece under inspection is taken to provide a 
resulting image in which signals caused by geometri- 
cal characteristics and background noise, common to 45 
all of the similarly shaped workpieces, are substan- 
tially reduced or cancelled out. In accordance with the 
method of the present invention, the resulting image 
may be converted to a binary image to facilitate iden- 
tification of any suspected defect regions and a defect so 
signal may be determined for each suspected defect 
region from a stored version of the resulting image. 
The workpiece is rejected if the defect signal exceeds 
a predetermined reference value. 

Different embodiments and adaptations of the 55 
present invention besides those shown herein and 
described, as well as many variations, modifications 
and equivalent arrangements will now be apparent 



and will be reasonably suggested by the foregoing 
specification and drawings, without departing from 
the substance or scope of the invention. While the 
present invention is described herein in detail in rela- 
tion to its preferred embodiments, it is to be under- 
stood that this disclosure is only illustrative and ex- 
emplary of the present invention and is made merely 
for purposes of providing a full and enabling disclo 1 
sure of the invention. Accordingly, it is intended that 
the invention is limited only by the scope of the claims 
appended hereto. 



Claims 

1. A method for inspecting a component having a 
plurality of similarly shaped structural portions, 
comprising the steps of: 

(a) scanning a surface of at least one of the' 
similarly shaped structural portions with an 
eddy current probe means to induce eddy cur- 
rents in the component; 

(b) generating a two-dimensional image of the 
at least one portion from eddy current signals 
received during scanning, the image including 
a multiplicity of pixels arranged in a two-di- 
mensional array and each pixel having a gray 
scale intensity responsive to the eddy current 
induced in the component at a component lo- 
cation corresponding to a position of the pixel 
in the matrix array; 

(c) preprocessing the image to substantially 
reduce any signals caused by geometrical 
characteristics and background noise com- 
mon to all of the similarly shaped structural 
portions; 

(d) identifying any suspected defect regions 
from the pre processed image of step (c); 

(e) determining a defect signal for each sus- 
pected defect region; and 

(f) rejecting the component if any defect signal 
exceeds a predetermined reference value. 

2. A method for inspecting a component having a 
complex geometric shape, comprising the steps 
of: 

(a) scanning a surface of the component with 
an eddy current probe means to induce eddy 
currents in the component; 

(b) generating a two-dimensional image the 
component from eddy current signals re- 
ceived during scanning, the image including a 
multiplicity of pixels arranged in a two-dimen- 
sional array and each pixel having a gray 
scale intensity responsive to the eddy current 
induced in the component at a component lo- 
cation corresponding to a position of the pixel 
in the matrix array; 
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(c) preprocessing the image to substantially 
reduce any signals caused by geometrical 
characteristics and background noise com- 
mon to all components having substantially 

the same geometric shape by subtracting a 5 
reference image of a substantially identically 
shaped component from the image generated 
in step (b); 

(d) identifying any suspected defect regions 
from the preprocessed image of step (c); and 10 

(e) determining a defect signal for each sus- 
pected defect region; and 

(f) rejecting the component if any defect signal 
exceeds a predetermined reference value. 

15 

The method of claim 1 , wherein step (c) compris- 
es the steps of: 

(d) repeating steps (a) and (b) to generate a 
two-dimensional image for a second and third 
similarly shaped structural portion; 20 
(c2) selecting a test portion and an associated 
test image, a first reference portion and an as- 
sociated first reference image, and a second 
reference portion and an associated second 
reference image from the three similarly 25 
shaped portions; 

(c3) taking a difference between the first ref- 
erence image and the test image to provide a 
first resulting image by taking a difference be- 
tween the gray scale intensity of each pixel of 30 
the first reference image and the gray scale 
intensity of a corresponding pixel of the test 
image; 

(c4) taking a difference between the second 
refere nee image and t he test image to provide 35 
a second resulting image by taking a differ- 
ence between gray scale intensities of corre- 
sponding pixels of each image; 
(c5) converting each of the first and second 
reference images from a gray scale image to 40 
respective first and second binary images; 
and 

(c6) combining the first and second binary im- 
ages by a logic AND operation to provide a 
preprocessed composite binary image. 45 

The method of Claim 1 or 2, wherein step (d) com- 
prises the steps of : 

converting the gray scale images to binary 
images; 50 

identifying any sections within the prepro- 
cessed composite binary image which contain a 
cluster of pixels with predominantly all pixels hav- 
ing a predetermined binary value; and 

identifying any suspected defect regions 55 
in one of the first and second resulting images 
which correspond to the identified sections in the 
preprocessed composite binary image. 



5. The method of claim 3, wherein steps (c5) and 
(c6) are replaced by: 

<c5') combining the first and second resulting 
images to provide a composite image; and 
(c6') converting the composite image to a pre- 
processed composite binary image. 

6. The method of claim 4 or 5, wherein step (d) com- 
prises the steps of: 

identifying any sections within the prepro- 
cessed composite binary image which contain a 
cluster of pixels with predominantly all pixels hav- 
ing a predetermined binary value; and 

identifying any suspected defect regions 
in one of the first and second resulting images 
which correspond to the identified sections in the 
preprocessed composite binary image. 

7. A method for inspecting (A) dovetail slots of a gas 
turbine engine component or (B) gear teeth and 
the like of a component, comprising the steps of: 

(a) scanning a surface of a dovetail slot or 
gear teeth with an eddy current probe means 
to induce eddy currents in the component; 

(b) generating a two-dimensional image of the 
dovetail slot surface or gear tooth surface 
from eddy current signals received during 
scanning, each image including a multiplicity 
of pixels arranged in a two-dimensional matrix 
array and each pixel having a gray scale in- 
tensity responsive to the eddy current in- 
duced in the component at a component loca- 
tion corresponding to a position of the pixel in 
the matrix array; 

(c) repeating steps (a) and (b) to generate a 
two-dimensional image for three dovetail slots 
or gear teeth; 

(d) selecting a test slot or tooth and an asso- 
ciated test image, a first reference slot or 
tooth and an associated first reference image, 
and a second reference slot or tooth and an 
associated second reference image from the 
three dovetail slots or teeth; 

(e) taking a difference between the first refer- 
ence image and the test image to provide a 
first resulting image by taking a difference be- 
tween the gray scale intensity of each pixel of 
the first reference image and the gray scale 
intensity of a corresponding pixel of the test 
image; 

(f) taking a difference between the second ref- 
erence image and the test image to provide a 
second resulting image by taking a difference 
between gray scale intensities of correspond- 
ing pixels of each image; 

(g) converting each of the first and second re- 
sulting images from a gray scale image to re- 
spective first and second binary images by 
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thresholding; 

(h) combining the first and second binary im- 
ages by a logic AND operation to provide a 
composite binary image; 

(i) identifying any sections within the compo- 
site binary image which contain a cluster of 
pixels with predominantly alt pixels having a 
predetermined binary value; 

(j) identifying any suspected defect regions in 
one of the first and second resulting images 
of step (e) which correspond to the identified 
sections of step (i); 

(k) calculating a defect signal for each sus- 
pected defect region; and 
(I) comparing the defect signal for each region 
with a predetermined reference value to de- 
termine whether a defect is present in the test 
slot or tooth at a location corresponding to the 
suspected defect region. 

8. The method of any preceding claim, further com- 
prising the step of filtering each of the first and 
second resulting images to reduce any signals 
caused by noise in each image and desirably to 
enhance any signals caused by a defect before 
step (c5). 

9. The method of claim 8, wherein the filtering is ac- 
complished by image convolution using a digital 
filter. 

10. The method of claim 9, wherein the filtering step 
comprises the step of applying a set of predeter- 
mined apriori signals to each of the first and sec- 
ond resulting images by image convolution to ex- 
tract selected features of any defect signal from 
each of the resulting images. 

11. The method of claim 10, wherein the step of ap- 
plying a set of predetermined apriori signals com- 
prises the step of providing a template means for 
comparing at least one predetermined apriori sig- 
nal of a selected feature to each resulting image. 

12. The method of claim 11, wherein image convolu- 
tion comprises the step of providing at least one 
template means for comparatively extracting re- 
spective apriori features from each resulting im- 
age. 

13. The method of claim 12, wherein a plurality of 
template means are compared to each of the re- 
sulting images, each of the template means be- 
ing predetermined to select at least one specific 
defect signal feature from each resulting image. 

14. The method of claim 13, wherein the plurality of 
template means collectively cooperate as a com- 



posite template to detect a corresponding plural- 
ity of defect signal features in each resulting im- 
age. 

5 15. The met hod of claim 12, wherein the step of com- 
paratively extracting comprises the step of calcu- 
lating a respective correlation coefficient be- 
tween each signal feature characterized in the 
template means and signals corresponding to 

10 each of the resulting images. 

1 6. The method of claim 8 or 9 wherein the step of fil- 
tering includes convoluting each of the first and 
second resulting images with a 7 X 3 digital filter. 

15 

1 7. The method of claim 16, wherein the 7X3 digital 
filter has the following matrix array: 



20 



0 


0 


0 


1 


0 


0 


0 


-1 


0 


0 


0 


0 


0 


1 


0 


0 


0 


-1 


0 


0 


0. 



18. The method of claim 17, further comprising the 
step of applying a digital filter to the composite bi- 
nary image after step (h) by image convolution. 

19. The method of claim 18, wherein the digital filter 
is a 9 X 2 filter having the following matrix array: 
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20. The method of claim 7, wherein step (k) compris- 
es the steps of: 

40 (k1) calculating a symmetrical coefficient for 

each suspected defect region of step (j) from 
the gray scale intensities within each respec- 
tive region; and 

(k2) calculating an integrated signal for each 
45 suspected defect region of step (j) from the 

gray scale intensities within each respective 
region. 

21. The method of claim 20, wherein step (k1) conv 
so prises the steps of: 

bisecting each suspected defect region 
along a first selected dimension of each region; 

calculating a first percentage of corre- 
sponding in each half of each region which have 
55 substantially the scale intensity; 

bisecting each suspected defect region 
along a second selected dimension of each re- 
gion; 
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calculating a second percentage of corre- 
sponding pixels in each half of each region bisect- 
ed by the second selected dimension which have 
substantially the same gray scale intensity; and 

multiplying the first and second percen- 5 
tages of each region to provide a symmetrical 
coefficient for each region. 

22. The method of claim 20, wherein the defect sig- 
nal for each region is equal to AHAT and AHAT is 10 
determined according to the following equation: 

AHAT=(symmetrical coefficient)* X (area 
of the suspected defect region)* X (integrated sig- 
nal)? . 

15 

23. The method of claim 22, wherein a=1, 0=1/4, and 
y=1/4. 

24. The method of claim any preceding claim, further 
comprising the step of repeating the aforesaid 20 
steps until all dovetail slots, gear teetch or simi- 
larly shapted portions have been inspected. 

25. The method of claim 7, further comprising the 
steps of: 25 

estimating a possible defect length for 
each suspected defect region; 

plotting a point on a POD plot which cor- 
responds to the defect signal versus the defect 
length for each suspected defect region; and 30 

rejecting the component if the plotted 
point for any suspected defect region exceeds a 
threshold curve of the POD plot. 

26. The method of claim 20, wherein step (k2) com- 35 
prises the step of summing the gray scale inten- 
sities of all pixels within each individual suspect- 
ed defect region to provide an integrated signal 

for each region. 

40 
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